Adding Technological Solutions for Safety Improvement at Level Crossings: A Functional Specification  by Bahloul, Khaled et al.
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  1375 – 1384 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the Transport Research 
Arena 2012 
doi: 10.1016/j.sbspro.2012.06.1113 
7UDQVSRUW5HVHDUFK$UHQD±(XURSH
$GGLQJWHFKQRORJLFDOVROXWLRQVIRUVDIHW\LPSURYHPHQWDW
OHYHOFURVVLQJVDIXQFWLRQDOVSHFLILFDWLRQ
.KDOHG%DKORXOD)UDQoRLV'HIRVVH]E0RKDPHG*KD]HOD6LPRQ&ROODUW
'XWLOOHXOE
D8QLY/LOOH1RUGGH)UDQFH)/LOOH,)677$5(67$6)9LOOHQHXYHG¶$VFT
E8QLY/LOOH1RUGGH)UDQFH)/LOOH/$*,6)9LOOHQHXYHG¶$VFT

$EVWUDFW
7KHZRUNGLVFXVVHGLQWKHSUHVHQWSDSHULVSDUWRIWKH3$1VDIHUSURMHFWZKRVHSXUSRVHLVWRLPSURYHVDIHW\DWOHYHO
FURVVLQJV7KLVSURMHFWLQWHJUDWHVVHYHUDODFDGHPLFDQGLQGXVWULDOSDUWQHUVZRUNLQJWRJHWKHURQVHYHUDOWDVNV+HUHDUH
GHVFULEHG HDUO\ WDVNV RI WKH SURMHFW DLPLQJ DW H[SORULQJ DQDO\]LQJ DQG MXVWLI\LQJ DGHTXDWH VROXWLRQV WR LPSURYH
VDIHW\ DW OHYHO FURVVLQJV  7KH VHOHFWHG VROXWLRQV ZLOO EH LPSOHPHQWHG DQG HYDOXDWHG LQ WKH IUDPHZRUN RI WKH
VXEVHTXHQWZRUNSDFNDJHVRIWKHSURMHFW
)LUVWDILQHVWDWLVWLFDODQDO\VLVLVFDUULHGRXWXVLQJDFFLGHQWLQFLGHQWGDWDEDVHV$WWKHVDPHWLPHDKXPDQEHKDYLRXU
VWXG\LVOHGLQRUGHUWRGHWHUPLQHSRWHQWLDOULVN\EHKDYLRXUV7KHQDOOWKHDFWRUVLQYROYHGLQWKHOHYHOFURVVLQJDUHD
DUH LQYHQWRULHG DQG D OLVW RI WKH VHUYLFHV H[SHFWHG E\ WKHVH DFWRUV LV HVWDEOLVKHG LQ RUGHU WR EULQJ RXW WKH PDLQ
IXQFWLRQVRIWKHOHYHOFURVVLQJSURWHFWLRQV\VWHP
7KHVWDWHRIWKHDUWVKRZVWKDWVHYHUDOVROXWLRQVERWKRUJDQL]DWLRQDODQGWHFKQLFDODUHSRWHQWLDOO\XVHIXOWRLPSURYH
VDIHW\ DW OHYHO FURVVLQJV 0RUHRYHU WKH HDUO\ VWXGLHV FDUULHG RXW ZLWKLQ 3$1VDIHU KDYH OLVWHG VRPH SRWHQWLDO
HYROXWLRQVFRQFHUQLQJIXQFWLRQDOLWLHVODZHQIRUFHPHQWDQGQRUPDOL]DWLRQ7KHLGHDLVWRGLVSDWFKWKHUHVXOWVRIWKH
VWDWLVWLFDODQDO\VLVDQGLWVLQWHUSUHWDWLRQLQWKHIXQFWLRQDOVFKHPHRIWKHOHYHOFURVVLQJHQYLURQPHQW,QWKLVZD\DOO
WKHZHDNSRLQWVZLWKLQWKHOHYHOFURVVLQJHQYLURQPHQWZLOOEHPDSSHGLQWRWKHIXQFWLRQDOPRGHOLQRUGHUWRXQGHUOLQH
WKHIXQFWLRQVZKLFKKDYHWREHHQKDQFHG7KHUHIRUHDOLVWRIWKHUHWDLQHGVROXWLRQVWREHLPSOHPHQWHGLVHVWDEOLVKHG
)LQDOO\ WKHVH VROXWLRQV DUH VSHFLILHG XVLQJ 80/ GLDJUDPV WR H[SOLFLW WKH VFHQDULRV WKDW FRXOG KDSSHQ DW OHYHO
FURVVLQJV )LUVW ZH JLYH D VWDWLF GHVFULSWLRQ RI WKH V\VWHP XVH FDVH GLDJUDPV 7KHQ" ZH HVWDEOLVK D G\QDPLF
GHVFULSWLRQDFWLYLW\GLDJUDPV2XUXOWLPDWHJRDOLVWRJLYHDGHWDLOHGVSHFLILFDWLRQRIWKHVROXWLRQVZKLFKDUHJRLQJ
WREHLPSOHPHQWHGDQGYDOLGDWHG

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVNKDOHGEDKORXO#LIVWWDUIU
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1376   Khaled Bahloul et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1375 – 1384 

.H\ZRUGVOHYHOFURVVLQJVVDIHW\IXQFWLRQDOVSHFLILFDWLRQWHFKQRORJLFDOVROXWLRQV
,QWURGXFWLRQ
$/HYHO&URVVLQJ/&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UDLOQHWZRUNVKHLJKWHQ WKHFRPSOH[LW\RIGHYHORSLQJFRRUGLQDWHGVWUDWHJLHVWRLPSURYHVDIHW\DW/&V,Q
DGGLWLRQ GLIIHUHQFHV LQ MXULVGLFWLRQDO JRYHUQDQFH DQGPDQDJHPHQW UHJLPHVQHHG WREHDGGUHVVHG LQ WKH
GULYHIRUQDWLRQDOFRQVLVWHQF\DQGFRPSOLDQFHZLWK5DLOZD\6DIHW\/HJLVODWLRQ>&ROHJDWH@
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VDIHW\DWOHYHOFURVVLQJV3$1VDIHULQYROYHVVHYHUDODFDGHPLFDQGLQGXVWULDOSDUWQHUVZRUNLQJWRJHWKHURQ
VHYHUDO WDVNV+HUH DUH GHVFULEHG WKH WDVNV RI WKH SURMHFW DLPLQJ DW H[SORULQJ DQDO\]LQJ DQG MXVWLI\LQJ
DFFXUDWHWHFKQRORJLFDOVROXWLRQVWRLPSURYHVDIHW\DWOHYHOFURVVLQJV
7KLVVWXG\IRFXVHVRQWKHVDIHW\DWOHYHOFURVVLQJVGHDOLQJZLWKURDGXVHUVPRUHSDUWLFXODUO\FDUGULYHUV
0RUHRYHUZHPDLQO\VWXG\DXWRPDWLFOHYHOFURVVLQJV LHZLWKWUDIILFOLJKWVDQGVRXQGDODUPV7KH\DUH
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LQYROYHG LQ WKH OHYHOFURVVLQJDUHDDUH LQYHQWRULHGDQGD OLVWRI WKH VHUYLFHVH[SHFWHGE\ WKHVHDFWRUV LV
HVWDEOLVKHGLQRUGHUWREULQJRXWWKHPDLQIXQFWLRQVRIWKHOHYHOFURVVLQJSURWHFWLRQV\VWHP$VDUHVXOWD
IXQFWLRQDOPRGHOLQWHJUDWLQJDOOWKHHOHPHQWVLQWKHOHYHOFURVVLQJDUHDLVHVWDEOLVKHG,WLVXVHGDVDEDVLV
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)URPDJHQHUDOSRLQWRIYLHZZHFDQQRWLFHWKDW
VDIHW\DW)UHQFK/&VKDVEHHQLPSURYLQJIRU\HDUV+RZHYHUWKHQXPEHURISHUVRQVNLOOHGLQ)UHQFK/&
DFFLGHQWVUHPDLQVKLJKZLWKUHJDUGWRWKHJOREDOUDLOZD\IDWDOLWLHVSHRSOHGLHGDW/&LQ:HFDQ
DGGWKDW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
x +LJKVSHHGRIURDGYHKLFOHVZKLOHDSSURDFKLQJ/&
x =LJ]DJJLQJ
x ,QVXIILFLHQWYLVLELOLW\DW/&
x ,QDGHTXDWH/&JHRPHWU\
x %ORFNLQJEDFNGXHWRWUDIILFMDPDW/&H[LWDUHD
0RUHRYHU WKHVH UHVXOWV VKRZKRZ WKHEHKDYLRXURI URDGXVHUV LV LPSRUWDQW LQ OHYHOFURVVLQJDFFLGHQWV
7KHVHDFFLGHQWFDXVHVDUHUHODWHGWRVRPHRSHUDWLQJVFHQDULRVRQ/&V6RWKHSURMHFWDLPVDWGHYHORSLQJ
DGYDQFHGWHFKQRORJLFDOVROXWLRQVGHVLJQHGWRPLQLPL]HWKHLPSDFWRIKXPDQHUURUVDQGWRSUHYHQWWKHVH
PLVEHKDYLRXUV %DVHG RQ WKH LQWHUSUHWDWLRQ RI WKHVH VWDWLVWLFDO VWXGLHV ZH ZLOO GHYHORS WKUHH SRWHQWLDO
VFHQDULRVWKDWFRUUHVSRQGWRWKHPDLQFDXVHVRIDFFLGHQWV
3RWHQWLDOVFHQDULRV
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+HUH ZH ZLOO GLVFXVV WKUHH VFHQDULRV ZKLFK FRPH IURP D V\QWKHVLV RI WKH SUHFHGHQW UHVXOWV 7KH\
UHSUHVHQW WKH SULQFLSDO FDXVHV RI /& DFFLGHQWV LQ )UDQFH 1H[W WKHVH  VFHQDULRV ZLOO EH MXVWLILHG
GHVFULEHG DQG PRGHOOHG 7KH\ FRUUHVSRQG WR  VLWXDWLRQV WKDW KDSSHQ LQ WKH /& DUHD DQG WKDW DUH
SRWHQWLDOO\ULVN\7KH\DUHGHVFULEHGLQWKHIROORZLQJSDUDJUDSKVZKLOHH[SRVLQJWKHIXQFWLRQLQJRIWKH
VFHQDULRVGHYHORSHGXQGHUWKHVHSDUWLFXODUFLUFXPVWDQFHV
6FHQDULR2EVWDFOHLPPRELOL]DWLRQ
+HUHZHGHDOZLWKVLWXDWLRQVZKHQDQREVWDFOHLVSUHVHQWLQWKHFURVVLQJ]RQH7KHVHREVWDFOHVFDQEH
IRULQVWDQFHFDUVMDPPHGRQWKHOHYHOFURVVLQJIDOOHQWUHHVRUDQ\REMHFWZKLFKFDQFDXVHDQDFFLGHQWLQ
WKH FDVH ZKHQ D WUDLQ DUULYHV 7KH LPPRELOL]DWLRQ RI D YHKLFOH RQ WKH OHYHO FURVVLQJ FDQ KDYH VHYHUDO
FDXVHV
x EUHDNGRZQ
x YHKLFOHFURVVLQJZKHQWRRODWHDQGEHFRPHVEORFNHGE\WKHEDUULHUVLQWKHH[LWVLGH
7KHSRLQWKHUHLVPRUHWRKDYHWKHEHVWDQVZHULQVXFKDFDVHWKDQWRSUHYHQWLWVDSSHDUDQFH6RWKHILUVW
WKLQJ LV WR GHWHFW WKDW DQREMHFW LV EORFNLQJ WKH OHYHO FURVVLQJ7KHQ WKH FRQWURO FHQWHU KDV WR WDNH WKH
DSSURSULDWHGHFLVLRQV
6FHQDULREORFNLQJEDFN
7KLVVLWXDWLRQKDSSHQVZKHQDWUDIILFMDPLVIRUPHGRQWKHH[LW]RQHRIWKH/&$VWXG\PDGHRQURDG
XVHUEHKDYLRXULQWKH/&DUHDVKRZVWKDW LQWKLVFDVHDQGZKHQWKH/&LVRSHQWRURDGWUDIILFYHKLFOH
GULYHUVDUULYLQJDWWKH/&JHQHUDOO\GRQRWZDLWEHIRUHWKHFURVVLQJ]RQH$KLJKQXPEHURIWKHPUXQWKH
ULVNDQGHQWHUWKHFURVVLQJ]RQHKHQFHWDNLQJWKHULVNRIUHPDLQJEORFNHGWKHUHIRUDZKLOH7KLVVLWXDWLRQ
LVSRWHQWLDOO\ULVN\VLQFHDWUDLQFDUFROOLVLRQFRXOGKDSSHQLIDWUDLQDUULYHVEHIRUHWKHEORFNHGFDUIUHHV
WKHFURVVLQJ]RQH>*KD]HO0@
6RPHSKHQRPHQDFDQLQFUHDVHWKHULVNRIEORFNLQJEDFNVXFKDVURDGZRUNVRUURXQGDERXWVDIWHUWKH/&
&DUV WKDW VWRS RQ WKH GDQJHU ]RQH RI D OHYHO FURVVLQJ UHSUHVHQW  RI WKH WRWDO QXPEHU RI WUDLQFDU
FROOLVLRQV 7KLV ILJXUH LQFUHDVHV XS WR  IRU 6$/ OHYHO FURVVLQJV DQG XS WR  IRU 6$/ /&
%ORFNLQJEDFNGRZQVWUHDPIURPDOHYHOFURVVLQJUHSUHVHQWVRIWKHFROOLVLRQDW6$/OHYHOFURVVLQJV
>3$1VDIHU@
7KHULVNRIEORFNLQJEDFNFDQEHGHFUHDVHGE\PHDQVRIDEHWWHUVLJQDOOLQJRUWKHXVHRIURDGUDGDUV7KH
WHFKQLFDOIXQFWLRQVWKDWKDYHWREHZDWFKHGFDUHIXOO\IRUWKLVVFHQDULRDUH
x SURYLGLQJURDGXVHUVZLWKLQIRUPDWLRQ
x SURWHFWLQJURDGXVHUV
x GHWHFWLQJURDGYHKLFOHVRQRUQHDUWKHFURVVLQJ]RQH
6FHQDULR=LJ]DJJLQJEDUULHUV
7KLVVFHQDULRUHSUHVHQWVDOPRVWDWKLUGRIWKHDFFLGHQWVKDSSHQLQJDW/&VZLWKKDOIEDUULHUV,WRFFXUV
ZKHQDURDGXVHUVZHUYHVRQWKHRSSRVLWHVLGHRIWKHURDGZD\LQRUGHUWRFURVVWKH/&GHVSLWHWKHIDFWWKDW
WKHEDUULHUV DUH FORVLQJRU FORVHG ,W FDQ DOVRKDSSHQRQ6$//&VZKHQ D FDU GULYHUGHFLGHV WRSDVV
ZKHQWKHEDUULHUVDUHFORVLQJ
2QHRIWKHVROXWLRQVWRSUHYHQWGHFUHDVHVXFKDEHKDYLRXULVWRWUDQVIRUPDQ6$//&LQWRDQ6$//&
7KHWHFKQLFDOIXQFWLRQVFRQFHUQHGLQWKLVFDVHDUH
x SURYLGLQJURDGXVHUVZLWKLQIRUPDWLRQ
x SURWHFWLQJURDGXVHUV
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0RGHOOLQJVFHQDULRVRIWHFKQRORJLHVVROXWLRQ
6WDWHRIWKHDUW
:H GLVFXVV LQ WKLV VHFWLRQ VRPH ZRUN VWXGLHV XQGHUWDNHQ LQ WKH IUDPHZRUN RI (XURSHDQ DQG
LQWHUQDWLRQDO SURMHFWV ZKLFK KDYH DGGUHVVHG /& VDIHW\ ZKLOH SURYLGLQJ WHFKQRORJLFDO VROXWLRQV WR
LPSURYHVDIHW\
,Q WKH SURMHFW ³2EVWDFOH 'HWHFWLRQ RQ /HYHO &URVVLQJV´ ZKLFK KDV EHHQ XQGHUWDNHQ LQ WKH 8QLWHG
.LQJGRP >2'/&@ WKH5DLO6DIHW\ DQG6WDQGDUGV%RDUG 566% FRPPLVVLRQHG D VWXG\RQ
REVWDFOH GHWHFWLRQ LQFOXGLQJ ERWK $XWRPDWLF +DOI %DUULHU &URVVLQJ $+% DQG PDQXDOO\ FRQWUROOHG
EDUULHUFURVVLQJVZLWKFORVHGFLUFXLWWHOHYLVLRQ0&%&&797KLVVWXG\KDVFRYHUHGWKUHHPDLQDUHDV
x ,GHQWLILFDWLRQRIWKHFXUUHQWULVNDQGHVWLPDWHRIWKHVDIHW\EHQHILWVRIREVWDFOHGHWHFWLRQGHYLFHV
x ,GHQWLILFDWLRQRISRVVLEOHREVWDFOHGHWHFWLRQVROXWLRQV
x (YDOXDWLRQRISRWHQWLDOREVWDFOHGHWHFWLRQVROXWLRQV
7KHUHVHDUFKKDVLGHQWLILHGVHYHQPDLQPHWKRGVRIFRPPXQLFDWLRQIURPZKLFKWZRKDYHEHHQVHOHFWHGDV
SURYLGLQJSRWHQWLDOO\HIIHFWLYH VROXWLRQV)RUERWK VWDQGDUG UDLOZD\ VLJQDOOLQJDQG WKHPRUH LQQRYDWLYH
WUDFNVLGH LQGLFDWRUV WKH WUDLQ GULYHU ZRXOG EH UHVSRQVLEOH IRU UHVSRQGLQJ E\ EUDNLQJ WKH WUDLQ DQG
DYRLGLQJFROOLVLRQVDWWKHOHYHOFURVVLQJ7KHPDLQFRQFOXVLRQVRIWKHSURMHFWDUH
x 7KHEHQHILWVRIWKHREVWDFOHGHWHFWLRQIRU$+%DUHLQVLJQLILFDQW,WLVPRUHEHQHILFLDOIRU$XWRPDWLF
)XOO%DUULHU$)%FURVVLQJZLWKD5DGDU
x 7KHREVWDFOHGHWHFWLRQHTXLSPHQWLWVHOILVQRWWKHPDLQFRVW7KHPRUHVLJQLILFDQWFRVWUHVXOWVIURP
LWV DGDSWDWLRQ WR WKH UDLOZD\ FRQWH[W LQFOXGLQJ WKH LQWHUIDFHZLWK H[LVWLQJ HTXLSPHQW LQVWDOODWLRQ
RWKHUZRUNVHJWRSURYLGHVLJQDOL]LQJDGGLWLRQDOEDUULHUVHWF

$QRWKHU VWXG\ ZDV FRQGXFWHG ZLWKLQ WKH (*126 &RQWUROOHG 5DLOZD\ (TXLSPHQW (&25$,/
SURMHFW 7KLV SURMHFW GHDOW ZLWK WKH LPSOHPHQWDWLRQ RI VDWHOOLWH QDYLJDWLRQ IRU UDLOZD\ RSHUDWLRQ
>(&25$,/@,QRUGHUWRVKRZWKHEHQHILWRIWKHVDWHOOLWHSRVLWLRQLQJWHFKQRORJ\WKHSURMHFW
IRFXVHGRQWKHVSHFLILFDSSOLFDWLRQRIWKHDXWRPDWLFOHYHOFURVVLQJV$/&FRQWURODVWKHV\VWHPLVEDVHG
RQDQRQERDUGQDYLJDWLRQXQLWHPSOR\LQJPXOWLVHQVRUWHFKQLTXHLWLVSRVVLEOHWRDFWLYDWHDQ$/&YLDD
UDGLR OLQN &RQVHTXHQWO\ WKHUH LV D UHGXFHG QHHG IRU FRVWLQWHQVLYH WUDFNVLGH IDFLOLWLHV HVSHFLDOO\ IRU
SRVLWLRQLQJ DQG IRU VLJQDO WUDQVPLVVLRQ ZLUHOHVV $IWHU VSHFLI\LQJ WKH UHTXLUHPHQWV DQG WKH WHFKQLFDO
OLPLWVWKH(&25$,/SURMHFWGHDOVZLWKWKHGHVLJQDQGWHVWRIWKHRQERDUGHTXLSPHQW,QWKHIUDPHZRUN
RIWKLVSURMHFWDGHPRQVWUDWLRQRQDSLORWWUDFNLQWKH8SSHU$XVWULDSURYLQFHKDVEHHQFDUULHGRXW7KH
GHPRQVWUDWLRQDLPHGDWHYDOXDWLQJWKHV\VWHPSHUIRUPDQFHZLWKUHJDUGWRWKHHIILFLHQF\RIWKHGHYHORSHG
ORFDOL]DWLRQFRPSDUHGWRWKHH[LVWLQJKDUGZLUHGORFDOL]DWLRQV\VWHP
6WLOOLQWKHLQWHUQDWLRQDOFRQWH[W WKH/HYHO&URVVLQJ6\VWHPIRUVKXQWLQJZDVGHYHORSHGLQ$XVWULDLQ
WRRIIHUPRUHVDIHW\DW/&VLQVKXQWLQJVLGLQJDUHDV>/&V\VBVK@7KHDGYDQWDJHV
RIWKHV\VWHPDUHWKHYHU\KLJKVDIHW\OHYHOWKHFKHDSFRQVWUXFWLRQDQGPDLQWHQDQFHWKHIDVWHUSDVVLQJRI
UDLOYHKLFOHVDVZHOODVWKHIDFWWKDWQRDGGLWLRQDOJXDUGSURWHFWLRQLVQHHGHGDWWKH/&
7KH VXJJHVWHG WHFKQRORJLFDO VROXWLRQ LV VLPSOH EXW IXOILOOV DOO RI WKH VDIHW\ UHTXLUHPHQWV GHILQHG 7KH
DFWLYDWLRQRIWKHURDGVLGHZDUQLQJLVSHUIRUPHGE\WKHVKXQWLQJVWDIIRUE\WKHWUDLQGULYHU7KHDFWLYDWLRQ
LVRSWLRQDOO\SRVVLEOHE\DPRELOHSKRQH2QWKHRWKHUKDQGWKHGHDFWLYDWLRQLVFDUULHGRXWE\WKHV\VWHP
LWVHOIRUE\WKHVKXQWLQJVWDII
$IXUWKHUDGYDQWDJHRIWKHGHYHORSHGV\VWHPLVWKHUHGXFHGQHHGIRUFDEOLQJ$OOWKHV\VWHPVLJQDOVDUH
FORVH WR WKH/&7KHUH LV DOVR D SRVVLELOLW\ WR XVH VRODU HQHUJ\7KHUH LV SUDFWLFDOO\ QR HTXLSPHQW WKDW
UHTXLUHVDSHUPDQHQWHOHFWULFLW\VXSSO\0RUHRYHUWKHGLDJQRVWLFLQIRUPDWLRQFDQDOVREHPDGHDYDLODEOH
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YLD D PRELOH SKRQH 7KH ILUVW OHYHO FURVVLQJ V\VWHP IRU VKXQWLQJ KDV EHHQ DSSURYHG E\ WKH $XVWULDQ
UDLOZD\DXWKRULW\
,Q WKH IUDPHZRUN RI WKH 6$/&$7 SURMHFW >6$/&$7 @ D VWXG\ DERXW ³$XWRPDWLF
GHWHFWLRQRIVWRSSHGYHKLFOHVRQ/HYHO&URVVLQJ´KDVEHHQDFKLHYHG7KHDSSURDFKLVEDVHGRQLQWHOOLJHQW
YLGHRPRQLWRULQJ ,QIDFWDVDFFLGHQWVDUHPDLQO\GXH WR LQDSSURSULDWHKXPDQEHKDYLRXU WKH LGHD LV WR
GHWHFWGDQJHURXVVLWXDWLRQVFDXVHGE\URDGXVHUV$VROXWLRQFRXOGEH WRDXWRPDWLFDOO\GHWHFWREVWDFOHV
VXFK DV VWRSSHG YHKLFOHV RQ WKH OHYHO FURVVLQJ $FFRUGLQJ WR D JLYHQ FRQILJXUDWLRQ WKH DSSOLFDWLRQ
LQGLFDWHVDOORUVRPHFKDUDFWHULVWLFVRIPRYHPHQWLQWKHGHILQHGDUHD%DVHGRQYLGHRDQDO\VLVDOJRULWKPV
LWLQWHUSUHWVWKHLPDJHFRQWH[WLQRUGHUWRLVRODWHSUHVHQFHUDWKHUWKDQPRYHPHQW7KHVHQHZWHFKQRORJLHV
LQFUHDVHWKHQXPEHURIPRQLWRUHGFDPHUDLPDJHVJLYHWKHUDLOZD\VWDIIHDUOLHUZDUQLQJVWRGHFUHDVHWKH
UHVSRQVH WLPHDQGSRVVLEO\VWRS WKH WUDLQDQGVXSSRUW WKHUHFRUGLQJRIHYLGHQFHRIGHWHFWHGKD]DUGRXV
VLWXDWLRQV
5HFHQWO\WKHYLGHRDSSOLFDWLRQGHVFULEHGKHUHZDVGHYHORSHGIRUWKH)LQQLVKUDLOZD\VIRUWKHSXUSRVH
RIDQDO\VLVWREHXVHGIRUWKHVDIHW\DVVHVVPHQWRIOHYHOFURVVLQJVDQGWKHSODQQLQJRIVDIHW\PHDVXUHV,W
LVDSSOLFDEOHKRZHYHUWRDOONLQGVRIOHYHOFURVVLQJDQGLIQHHGHGWKHYLGHRVKRRWLQJSURFHVVDQGWKH
YLHZLQJDSSOLFDWLRQFDQEHDGMXVWHGWRRWKHUSDUWLFXODUQHHGV>$QWWL6HLVHHWDO@9LGHRUHFRUGLQJV
DWOHYHOFURVVLQJVDUHWDNHQIURPDPRYLQJYHKLFOHLQERWKDSSURDFKGLUHFWLRQV$VWKHYHKLFOHDSSURDFKHV
WKHOHYHOFURVVLQJWKHFDPHUDLVWXUQHGODWHUDOO\HQVXULQJWKHEHVWYLHZRIWKHWUDFN5HFRUGLQJVXVXDOO\
VWDUWDWOHDVW±PHWHUVIURPWKHFURVVLQJ]RQH,IWKHUHLVDQDGYDQFHZDUQLQJVLJQUHFRUGLQJVVWDUW
EHIRUHWKHVLJQHYHQLIWKLVLVIXUWKHUDZD\IURPWKHFURVVLQJ,QWKHILUVWUHFRUGLQJWKHFDPHUDIROORZV
WKHVLJKWFRQGLWLRQVWRWKHOHIW$WPHWHUVIURPWKHQHDUHVWUDLOWKHYHKLFOHVWRSVDQGDGHJUHHYLGHR
VFDQLVWDNHQIURPOHIWWRULJKWRYHUDSHULRGRIDERXWVHFRQGV)RUWKHVHFRQGUHFRUGLQJWKHDSSURDFK
LV UHSHDWHG IROORZLQJ VLJKW FRQGLWLRQV WR WKH ULJKW$JDLQ WKHYHKLFOH VWRSVPHWHUV IURP WKH UDLO EXW
ZLWKRXWWKHGHJUHHYLGHRVFDQ7KHSURFHVVLVUHSHDWHGIURPWKHRWKHUVLGHRIWKHFURVVLQJJLYLQJIRXU
DSSURDFKLQJYLGHRVIRUHYHU\OHYHOFURVVLQJ
3$1VDIHUVROXWLRQV
7ZRVROXWLRQVGHYHORSHGZLWKLQWKH3$1VDIHUSURMHFWDUHEDVHGRQWZRGLIIHUHQWWHFKQRORJLHVYLGHR
VXUYHLOODQFH DQG ZLUHOHVV FRPPXQLFDWLRQ V\VWHPV 7KHVH WZR V\VWHPV DUH FRPSOHPHQWDU\ DQG
FROODERUDWHLQRUGHUWRLPSURYHVDIHW\DW/&V7KHUHDIWHUZHZLOOGHILQHWKHWZRWHFKQLTXHVXVHG
9LGHRVXUYHLOODQFHV\VWHP
9LGHR VXUYHLOODQFH DW /&V LGHQWLILHV D UDQJH RI LVVXHV DQG GHVLJQ FRQVLGHUDWLRQV WKDW PD\ KDYH
LPSRUWDQWLPSOLFDWLRQVIRUWKHGHILQLWLRQRIQHZVHFXULW\DSSURDFKHVDQGWKHGHVLJQDQGLPSOHPHQWDWLRQ
RIVRPHLQQRYDWLYHWHFKQRORJLHV
8VLQJ WKH YLGHR VXUYHLOODQFH WHFKQLTXH DV D FRPSOHPHQWDU\ LQIRUPDWLRQ VRXUFH LV D FRQVLGHUHG FKRLFH
6XFKDYLVLRQV\VWHPPXVWEHDEOHWRPRQLWRUWKHGDQJHU]RQHRIDQ/&7KHYLVLRQV\VWHPLQIRUPDWLRQ
ZLOOEHFRXSOHGZLWKRWKHULQIUDVWUXFWXUHLQIRUPDWLRQVXFKDVWKHVWDWXVRIWKHEDUULHUVWKH/&VLJQDOOLQJ
DQGWKHWUDLQSRVLWLRQ7KHPDLQREMHFWLYHLVWRSURYLGHLQIRUPDWLRQDVVDIHDVSRVVLEOHRQWKHHQYLURQPHQW
EHLQJ PRQLWRUHG 7KH LQIRUPDWLRQ SURYLGHG RQ WKH SRVLWLRQ RI DQ /& GHWHFWV SRWHQWLDO ULVN VLWXDWLRQV
DURXQGDQ/&
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)LJ9LGHRVXUYHLOODQFHFDPHUDV>)DNKIDNK@ )LJ&RPPXQLFDWLRQV\VWHP>3$1VDIHU@

&RPPXQLFDWLRQV\VWHP
)LJXUH  SURYLGHV DQ RYHUYLHZ RI DGYDQFHG WHFKQLTXHV FRPELQHG VR IDU 7KHVH WHFKQLTXHV DUH
LPSOHPHQWHG XVLQJ VHYHUDO SLHFHV RI HTXLSPHQW >3$1VDIHU @ $ VSHFLILF ZLUHOHVV
FRPPXQLFDWLRQV\VWHPUHVSRQVLEOHIRUWUDQVPLWWLQJWKH/&VWDWHWRURDGXVHVLVGHILQHGE\
x (TXLSPHQWRIHQYLURQPHQWSHUFHSWLRQDQGVSHFLILFFRPPXQLFDWLRQLVLQVWDOOHGQH[WWRWKH/&
x 7KH FRPPXQLFDWLRQ V\VWHP FDUULHV G\QDPLF VWDWH LQIRUPDWLRQ IURP WKH FURVVLQJ WR WKH FDU
QDYLJDWLRQWHUPLQDOV
x$G\QDPLFUHVWLWXWLRQRIWKHVWDWHRI/&LVPDGHE\WKHFDUQDYLJDWLRQWHUPLQDO
x$G\QDPLFVWDWHLQIRUPDWLRQRIWKH/&FDQDOVREHXVHGIURPWUDLQVLQWKH/&DSSURDFK

&RPELQLQJWKHYLGHRVXUYHLOODQFHV\VWHPZLWKWKHFRPPXQLFDWLRQV\VWHPDOORZVXVWRLQIRUPURDGXVHUV
LQUHDOWLPHDERXWWKHVWDWHRIWKH/&DQGDERXWWKHSRWHQWLDOO\GDQJHURXVFLUFXPVWDQFHVWKDWPD\RFFXUDW
WKH /& 7KLV LQIRUPDWLRQ LV UHVWLWXWHG WKH FDU XVHUV WKURXJK WKHLU QDYLJDWLRQ WHUPLQDO LQ WKH VHOHFWHG
ODQJXDJHV,WLVDOVRWHFKQLFDOO\SRVVLEOHWRJLYHLQIRUPDWLRQDERXWWKHFURVVLQJWUDLQVWRFDUGULYHUVWUDLQ
GLUHFWLRQHWF«+RZHYHUZHQHHGILUVWWRFDUU\RXWDSV\FKRORJLFDODQDO\VLVZLWKURDGXVHUVWRDVVHVV
WKHLPSDFWRIWKLVLQIRUPDWLRQRQWKHLUDZDUHQHVVDQGPRUHJHQHUDOO\RQWKHLUEHKDYLRXUDW/&V
2SHUDWLRQPRGH
7KHEHQHILWRIWKHVHWHFKQRORJLHVIRUWKHUDLOZD\H[SHUWVLVWZRIROG
x2IIOLQH DQDO\VLV WKDQNV WR WKH YLGHRVXUYHLOODQFH V\VWHP UHFRUGLQJ WKH GDQJHURXV HSLVRGHV DOORZV
UDLOZD\DQGURDGPDQDJHUVWRGHWHUPLQHWKHSURILOHRIWKHPDLQULVN\EHKDYLRXUVDWWKH/&7KLVFDQEH
YHU\KHOIXOWRWDNHDSSURSULDWHPHDVXUHVLQRUGHUWRSUHVHQWWKHVHULVN\VLWXDWLRQV
7KHDFWRUVLQYROYHGLQWKHVHRSHUDWLRQVDUHXVXDOO\WKHPDQDJHUVRI/&DQGGHFLVLRQPDNHUVSODQQLQJWR
DGGUHVVSRWHQWLDOSUREOHPVDULVLQJIURPWKHVHVWDWLVWLFV

x2QOLQH PRQLWRULQJ WKH LPDJH SURFHVVLQJ DOJRULWKPV LPSOHPHQWHG ZLWKLQ WKH VWHUHRYLVLRQ PRGXOH
DOORZVXVWRGHWHFWSRWHQWLDOO\GDQJHURXVVLWXDWLRQVWUDIILFMDPVEORFNLQJEDFNHWF«WKDWPD\RFFXU
DW WKH /& 7KLV LQIRUPDWLRQ LV EURXJKW WR FDUV DSSURDFKLQJ WKH /& E\ WKH ZLUHOHVV FRPPXQLFDWLRQ
PRGXOH7KLVPRGXOHDOVRLQIRUPVWKHFDUGULYHUVDERXWWKHGLVWDQFHWRWKH/&VRWKDW WKH\FDQDGDSW
WKHLUVSHHGDFFRUGLQJO\,QGHHGWKHVWDWLVWLFDODQDO\VLVFDUULHGRXWLQWKHIUDPHZRUNRI3$1VDIHUSURMHFW
VKRZVWKDWRQHRIWKHPDMRUFDXVHVRIDFFLGHQWVDW/&LVWKHKLJKVSHHGRIFDUVFURVVLQJWKH/&
$OOWKHVHRSHUDWLRQVDUHGRQHLQUHDOWLPHDQGDLPDWHQKDQFLQJURDGXVHUDZDUHQHVV
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6WXG\VFHQDULR
,Q WKLV VHFWLRQ ZH ZLOO IRFXV RQ WKH RSHUDWLRQ RI RXU PRQLWRULQJ V\VWHP XQGHU VRPH VSHFLDO
FLUFXPVWDQFHV ,Q IDFW ZH ZLOO GHDO ZLWK WKUHH PDLQ ULVN\ VLWXDWLRQV VHOHFWHG IURP RXU SUHOLPLQDU\
VWDWLVWLFDODQDO\VLV)LJXUHJLYHVDQRYHUYLHZRQWKHIXQFWLRQDOLWLHVRIIHUHGE\RXUV\VWHPDVZHOODVWKH
YDULRXVDFWRUVZKLFKLQWHUDFWZLWKLWLQWKHVKDSHRID80/XVHVFDVHGLDJUDP
$V FDQ EH SRLQWHG RXW IURP WKLV GLDJUDP WZR PDLQ IXQFWLRQDOLWLHV DUH HQVXUHG E\ WKH V\VWHP
PRQLWRULQJWKH/&RQOLQHDQGDVVLVWDQFHWRGHFLVLRQPDNLQJRIIOLQH
7KHWKUHHVFHQDULRVGHDOWZLWKDUHGHWDLOHGLQWKHIROORZLQJVXEVHFWLRQV
)LJ8VHVFDVHGLDJUDP
2EVWDFOHLPPRELOL]DWLRQ
7KHYLGHRVXUYHLOODQFHV\VWHPRSHUDWHVRQO\ZKHQWKHPRQLWRULQJDUHDLVVXIILFLHQWO\OLJKWHQHG7KDWLV
ZK\ WKH V\VWHP VZLWFKHV WR WKHPRQLWRULQJPRGHZKHQ D SUHGHILQHGPLQLPXP OLJKWHQLQJ WKUHVKROG LV
H[FHHGHG,QWKLVPRGHDQGEDVHGRQVRPHLPDJHSURFHVVLQJDOJRULWKPVWKHYLGHRVXUYHLOODQFHPRGXOH
LVDEOHWRGHWHFWVHYHUDOSUHGHILQHGKD]DUGRXVVLWXDWLRQV$PRQJWKHVHVLWXDWLRQVWKHV\VWHPFDQGHWHFWD
VWDWLRQDU\REMHFWLQWKH/&DUHD7KLVVLWXDWLRQLVFODVVLILHGDVDSUHGHILQHGKD]DUGRXVVLWXDWLRQ)ROORZLQJ
WKLVGHWHFWLRQWKHV\VWHPFDQSURFHHGLQWZRZD\V
x 1R WUDLQ DSSURDFKLQJ WKH FRPPXQLFDWLRQ V\VWHP LV OLPLWHG WR LQIRUPLQJ WKH 55 RSHUDWRU RI WKH
SUHVHQFHRIDVWDWLRQDU\REMHFWRQWKH/&]RQHDQGVHQGLQJDYLGHRVHTXHQFHRUDQLPDJH
x 7UDLQDSSURDFKLQJ7KHFRPPXQLFDWLRQV\VWHPVKRXOGDOHUWWKH55RSHUDWRUWKHURDGXVHUVDQGWKH
WUDLQWRPDNHWKHEHVWGHFLVLRQWRSUHYHQWWKHFROOLVLRQ


)LJ$FWLYLW\GLDJUDPIRUWKHREVWDFOHVFHQDULR
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%ORFNLQJEDFN
7KLV FDVH FRQVLVWV LQGHWHFWLQJ DEORFNLQJEDFNGXH WR D WUDIILF MDPDW WKH H[LW ]RQHRI WKH/&7KH
PDMRUSUREOHPLVWKDWWKHYHKLFOHVWRSSHGLQWKHFURVVLQJ]RQHFDQJHWEORFNHGRQWKH/&DUHD$IWHUDIHZ
VHFRQGV WKHPRQLWRULQJ V\VWHPGHWHFWV WKH LPPRELOL]HGREMHFWRQ WKH/&DUHD7KH V\VWHP UHFRJQL]HV
WKLVVLWXDWLRQDVGDQJHURXV
1RWUDLQDSSURDFKLQJWKHFRPPXQLFDWLRQV\VWHPLQIRUPVWKHURDGXVHUVVRWKDWWKH\GRQRWHQJDJHRQ
WKH/&VLQFHWKHSDVVDJHLVEORFNHG
7UDLQDSSURDFKLQJDQDODUPLVWULJJHUHGDWWKH/&7KHFRPPXQLFDWLRQV\VWHPLQIRUPVURDGXVHUVRI
WKHSUHVHQFHRIDQREVWDFOH


)LJ$FWLYLW\GLDJUDPIRUEORFNLQJEDFNVFHQDULR
=LJ]DJJLQJEDUULHUV
$QDSSURDFKLQJWUDLQWULJJHUVWKHORZHULQJRIWKHKDOIEDUULHUVLQWKH/&6$/FDVH+RZHYHUVRPH
URDG XVHUV FRXOG DGRSW D KD]DUGRXV EHKDYLRXU 7KH XVHUV HQJDJH RQ WKH /& DUHD E\SDVVLQJ WKH KDOI
EDUULHUV7KHV\VWHPGHWHFWVWKLVVLWXDWLRQDQGUHFRJQL]HVLWDVDGDQJHURXVVLWXDWLRQ:KHUHXVHUVDUHDEOH
WRSDVVEHIRUHWKHWUDLQDUULYDODQDFFLGHQWLVDYRLGHG2WKHUZLVHXVHUVDUHEORFNHGRQWKH/&DUHD7KH
FRPPXQLFDWLRQV\VWHPLQIRUPVURDGXVHUVDQGWUDLQVDQGWULJJHUVDQDOHUWRQWKH/&DUHD$Q\ZD\WKH
YLGHRVXUYHLOODQFHV\VWHPUHFRUGVWKLVVFHQHIRUVXSHUYLVLRQSXUSRVHV


)LJ$FWLYLW\GLDJUDPIRU=LJ]DJJLQJEDUULHUVVFHQDULR
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&RQFOXVLRQ
7KLV SDSHU GHVFULEHV VRPH ZRUNV DFFRPSOLVKHG LQ WKH IUDPHZRUN RI WKH 3$1VDIHU SURMHFW ZKRVH
SXUSRVH LV WR LPSURYH VDIHW\ DW OHYHO FURVVLQJV )LUVW D ILQH VWDWLVWLFDO DQDO\VLV LV FDUULHG RXW XVLQJ
DFFLGHQWLQFLGHQW GDWDEDVHV 6LPXOWDQHRXVO\ D KXPDQ EHKDYLRXU VWXG\ LV OHG LQ RUGHU WR GHWHUPLQH
SRWHQWLDOULVN\VLWXDWLRQV7KHQDOOWKHDFWRUVLQYROYHGLQWKHOHYHOFURVVLQJDUHDDUHLQYHQWRULHGDQGDOLVW
RIWKHVHUYLFHVH[SHFWHGE\HDFKDFWRULVHVWDEOLVKHGLQRUGHUWREULQJRXWWKHPDLQIXQFWLRQVRIWKHOHYHO
FURVVLQJSURWHFWLRQV\VWHP%HVLGHVDVWDWHRIWKHDUWUHYLHZDERXWWKHLQQRYDWLYHWHFKQRORJLFDOVROXWLRQV
SURSRVHG LQ VRPH (XURSHDQ DQG LQWHUQDWLRQDO SURMHFWV ZDV FDUULHG RXW :H KDYH SUHVHQWHG VHYHUDO
IXQFWLRQDOLWLHVUHODWHGWR/&VDIHW\7KHQZHKDYHIRFXVHGRQWKUHHVFHQDULRV³REVWDFOHLPPRELOL]DWLRQ´
³EORFNLQJEDFN´DQG³]LJ]DJJLQJ´ZKLFKDUHWKHPDLQFDXVHVRI/&DFFLGHQWVLQ)UDQFH
7KHVHFRQGSDUWRIRXUVWXG\GLVFXVVHVWKHG\QDPLFVSHFLILFDWLRQRIWHFKQRORJLFDOVROXWLRQVDGRSWHGLQ
WKH 3$1VDIHU SURMHFW:H KDYH GHYHORSHG D GHVFULSWLRQ RI WKH GHYHORSHG IXQFWLRQDOLWLHV PRQLWRULQJ
DQG DVVLVWDQFH IRU GHFLVLRQ PDNLQJ ZKLOH SDUWLFXODUO\ HPSKDVL]LQJ WKH LQWHUDFWLRQV EHWZHHQ WKH
PRQLWRULQJPRGXOHDQGWKHFRPPXQLFDWLRQPRGXOHWRDFFRPSOLVKWKHSUHGHILQHGIXQFWLRQDOLWLHV)RUHDFK
FDVHVWXG\ZHKDYHSURSRVHGDG\QDPLFVSHFLILFDWLRQLQWKHVKDSHRID80/DFWLYLW\GLDJUDPWRVKRZWKH
PDLQIHDWXUHVDQGWKHV\VWHPVWDWXV
7KHGHVLJQHGPRGXOHVDUHEHLQJLPSOHPHQWHGLQDQH[SHULPHQWDOSURWRW\SHZKLFKKDVWREHHYDOXDWHG
DQG YDOLGDWHG LQ WKH IUDPHZRUN RI WKH SURMHFW 7KH QH[W VWHS FRQVLVWV LQ DVVHVVLQJ WKH EHQHILW RI WKH
GHYHORSHGIXQFWLRQDOLWLHVIRUWKHJOREDOVDIHW\DW/&V
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